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Bovine tuberculosis (TB) surveillance is an ongoing program among abattoirs (slaughterhouses) 
in Ireland. It is a key complementary tool in addition to the tuberculin skin test to detect infected 
herds. A retrospective cross-sectional study was conducted to assess the association between 
potential risk factors and the risk of detection, and the subsequent risk of confirmation of bovine 
TB lesions for cattle slaughtered in 2008 in Irish abattoirs. Consequently, the abattoirs were ranked 
based on their efficiencies of detecting suspected bovine TB lesions and their subsequent 
confirmation in laboratory. 
 
A database containing cattle records was obtained from the Center for Veterinary Epidemiology 
and Risk Analysis (CVERA) at University College Dublin, Ireland, that includes the results of 
animal movements, tuberculin test results, number of suspected bovine TB lesions detected during 
slaughter of animals and number of lesions confirmed as Mycobacterium bovis (M. bovis) in 
laboratory. The known potential risk factors impacting bovine TB lesions detection in Irish 
abattoirs were animal and herd level characteristics: age, sex, herd type, length of time a herd free 
from bovine TB after restriction, animal origin and District Electoral Division (DED) risk class. 
The data were analyzed to control for these potential risk factors when assessing the probability of 
detecting suspected bovine TB lesions among abattoirs in Ireland. Descriptive analysis was 
 iii 
performed to assess the distribution of cattle slaughtered over the different abattoir. Univariable 
logistic regression was applied to evaluate an association between the risk factors and detection of 
bovine TB lesions in the abattoirs. Multivariable logistic regression analysis was performed to 
calculate the adjusted risk of bovine TB lesion detection and confirmation for each abattoir. 
 
During 2008, a total of 1,362,195 attested cattle were slaughtered in total thirty-five abattoirs in 
Ireland. Overall, 3,437 lesions (0.25%, or 25 per 10,000 slaughtered cattle) were detected, and 
from these, 2,187 (62.68%) bovine TB lesions were confirmed as caused by M. bovis in the 
laboratory. The crude detection risks varied from 0 to 56 lesions per 10,000 animals slaughtered. 
The average crude confirmation risks ranged from 0 to 100%. Ultimately, the abattoirs were ranked 
(1 being the best and 35 the worst) according to their effectiveness of bovine TB lesions detection 
and confirmation after adjusting the potential risk factors.  
 
There is a considerable variability in efficiencies of Irish abattoirs in detecting and confirming 
bovine TB lesions. It is thus recommended that Irish abattoirs should be monitored regularly with 
regards their bovine TB slaughter surveillance effectiveness. Also, the abattoirs with lower than 
expected effectiveness should be strengthened in order to meet the required standards of the Irish 
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Bovine tuberculosis (TB), caused by Mycobacterium bovis (M. bovis), is a zoonotic disease that 
affects cattle around the world (Collins, 2006). Moreover, the organism has broad host range 
including other livestock species, wildlife species, and humans (Michel et al., 2010). Domestic 
species susceptible to M. bovis are cattle, water buffalo, swine, sheep, llamas and deer (Hunter, 
1996 ; Michel et al., 2010). Bovine TB has been documented throughout the world, including 
areas where livestock and wildlife interaction take place, and the infection has been documented 
between domestic and wildlife species. Susceptible wildlife species include white-tailed deer 
(Odocoileus virginianus) in the United States, European badgers (Meles meles) in Ireland and 
Britain, brush-tailed possums (Trichosurus vulpecula) in New Zealand, wild boar (Sus scrofa) in 
Europe, and African buffalo (Syncerus caffer) and antelope species in Africa (Michel, 2002; 
Drewe et al., 2014). 
 
TB caused by M. bovis in humans is known as zoonotic TB (Olea-Popelka et al., 2017). The true 
burden of the zoonotic TB at a global scale is underestimated due to paucity of information 
among the public health officials regarding the importance of M. bovis in contribution of human 
TB. Lack of routine surveillance systems in low income countries and inadequate laboratory 
facilities to differentiate between M. bovis and M. tuberculosis in general (Cosivi et al., 1998 ; 
Thoen et al., 2010 ; Müller et al., 2013; Pérez-Lago et al., 2014;  Olea-Popelka et al., 2017) are 




1.2 Mode of transmission of Mycobacterium bovis  
 
The primary route of transmission for M. bovis among all species is respiratory, although other 
less common routes can include oral, congenital, or entry through open wounds (Doran et al., 
2009; Good et al., 2011). In humans, M. bovis infections occur most commonly in the developing 
countries where there exist practices of drinking unpasteurized dairy products, occupational 
exposure to handling infected livestock and poor or no existence of regular testing programs for 
bovine TB in livestock system (Ayele et al., 2004). Also, the risk of transmission of bovine TB 
disease is higher in bovine TB endemic areas where people are more likely to be in direct contact 
with animals (such as famers, veterinarians, abattoirs workers) (Olea-Popelka et al., 2017). 
 
1.3 Pathology of bovine tuberculosis in cattle 
 
M. bovis enters the body through aerosol route.   Macrophages phagocytize M. bovis, which are 
eventually transported to lymph nodes by the lymphatic system. The macrophages laden with M. 
bovis attract T helper cells that subsequently destroy the infected macrophages. The killed 
macrophages debris from dead surrounding tissues creates caseous necrosis and forms a 
granuloma. The granuloma restricts the mycobacterium from infecting surrounding tissues, but 
also provides a niche for the bacteria to survive. Bovine TB manifests as chronic granulomatous 
caseous necrotizing lesions that mainly affect lungs and lymph nodes but also infects other 
organs. The infections remain covert for months or years until the functionality of an organ is 
completely impaired (Domingo et al., 2014). 
The process of infection in cattle by M. bovis occurs as follows: primary infection occurs when 
the organism gains entry through the mucous membrane or alveolar spaces and the immune 




phagocytosis. After phagocytosis by macrophages, the mycobacteria and neutrophils accumulate 
at the sites of infections (Arentz & Hawn, 2007). While in humans with a strong immunity, about 
90% of infections are controlled through this initial immune response resulting in clearance of 
mycobacteria or control of infection for decades known as latent TB infection (LTBI). Only a 
few individuals progress to active tuberculosis (O’Garra et al., 2013). When the body’s cell-
mediated immune (CMI) response is not able to control inflammatory process the tissue damage 
continues until the primary granuloma becomes larger. This happens most frequently in the 
alveolar spaces. As the disease progresses, a typical gross lesion of TB forms known as tubercle, 
which contains an encapsulated connective tissue with central caseous necrosis. In lung tissue, 
the lesions can be extended into the bronchioles and bronchial tree. The ulcerative lesions later 
lead to formation of chronic organ TB (Domingo et al., 2014). 
 
The TB organism, carried by the lymphatics, forms an initial primary complex in draining lymph 
node.  The most common location is frequently found in the lower respiratory tract of animals. 
The organism spreads to different part of the body leading to generalization of the infection and 
this occurs via lymphatics or hematogenous dissemination of mycobacteria. The most common 
form of generalized infection is known as miliary TB, which involves many white-yellow 
necrotic foci similar to millet seeds. It usually occurs when the CMI wanes; some animals with 
miliary TB may be “anergic”.  They will not show any reaction to tuberculin or blood IFN-γ tests 







1.4 Control policy of Bovine TB 
 
Several countries have implemented official bovine TB control programs, which often consist of 
‘test and slaughter’ approach to control the disease. Test and slaughter is composed of two main 
components: 1) testing of live animals using the tuberculin skin test, and 2) carcass inspection in 
abattoirs for detection of bovine TB lesions (Amanfu, 2006). The specific approaches and 
procedures in each country are largely dependent on the prevalence of the disease, the socio-
economic capacities of the country and the epidemiological scenario. For example, in the USA, 
bovine TB eradication programs started in 1917 and are a joint venture of U.S. Department of 
Agriculture (USDA) Animal and Plant Inspection Services (APHIS), Food Safety and Inspection 
Services (FSIS), state health agencies and livestock producers (Kaneene et al., 2006). 
Currently, slaughter surveillance is one of the important components to control bovine TB in 
USA. The program was first applied in the 1960s, when the prevalence of the bovine TB was 
low. The current bovine TB control program focuses on slaughter surveillance along with trace 
back investigations of infected herds (Humphrey et al., 2014).  
 
In Europe, the EU Directive 64/432/EEC (European Commission, 1964) has classified European 
countries on the basis of bovine TB prevalence as Officially Tuberculosis Free Country (OTF) 
including Belgium, Germany, Netherlands, Poland, Switzerland, France and all others as non-
Officially Tuberculosis Free Country (non-OTF). Both OTF and non-OTF European countries 
have slaughter surveillance implemented. In Great Britain, slaughter surveillance contributed in 
detecting 165 new TB incidents in the cattle herds as a whole; around 35% of incidents in non-
bovine TB endemic areas where the routine field testing against bovine TB is done every four 




In developing countries like Cameroon, abattoirs are controlled by government.  Usually   they 
detect a more advanced stage of bovine TB infection. Previous prevalence studies identified that 
bovine TB cases were as low as 1% in Cameroon.   The same studies, however, also suggest as 
high as 51% of the inspected lesions had the mycobacterial infections with detection of acid fast 
bacilli (Egbe et al., 2016). Similarly, in Ethiopia, a study conducted by Asseged et al. (2004)  
revealed that 1.5% of cattle in Addis Abba had TB lesions. This study, however, showed that 
routine abattoir inspection was only able to detect 55% of cattle with confirmed lesions.  
 
1.5 History of Bovine Tuberculosis and Cattle Trade in Ireland 
 
In Ireland, the national control program to eradicate bovine TB from cattle herds was started  
regionally in 1954 and was subsequently extended to whole country by 1962 (Good, 2006). With 
the introduction of the bovine TB eradication program, all herds were given an individual herd 
number and, an animal identification system was established subsequently in Ireland (Good, 
2006). The bovine TB eradication program includes annual herd testing using single intradermal 
cervical comparative tuberculin test (SICCT), compensating farmers for slaughter of reactors, 
and controlling movement of cattle (Monaghan et al., 1994). In 1998, Eradication of Animal 
Diseases Board (ERAD) was established and a vigorous four-year project with a special check 
test for high-risk herds created. Subsequently, classification of the herds based on the disease 
incidence were undertaken to eradicate the disease in Ireland.  After the implementation of this 
policy, the herd prevalence of bovine TB dropped to 0.5% from 17% in a decade (Griffin et al., 
2005).  
 
The rearing and trading of cattle and their products play a vital role in the gross economy of 




animals. Each year the country exports approximately 180,000 live cattle and 503,000 tons of 
beef worth €2.41 billion (DAFM, 2015). Ireland continues to implement a comprehensive 
disease control program and policy to ensure the viability of this portion of their economy (More 
et al., 2010).  
 
1.6 Role of wildlife in the epidemiology of bovine tuberculosis in Ireland 
 
The Eurasian badger (Meles meles) is considered a reservoir for M. bovis in Ireland (Murphy et 
al., 2010; Corner et al., 2011). Badgers are a nocturnal species, weighing 10-16 kg that are found 
around the cattle farms and pastureland. Badgers are adapted for digging and burrowing and live 
in social groups (Corner et al., 2011). It has been postulated that transmission of M. bovis to 
cattle can occur via direct contact with badgers or indirectly through excreta of badgers in 
grazing pastures and near cattle feed sources (Rogers et al., 2000). It is estimated that the indirect 
contacts with wildlife reservoirs are more significant than direct contacts in terms of disease 
transmission (Drewe et al., 2013).  
 
A study by Byrne et al. (2015) in Ireland identified a positive association between a badger 
testing positive to M. bovis and cattle infection prevalence at spatial scale of 1 km around the 
badger’s setts. Byrne et al. (2015) found that overall badger-level prevalence of M. bovis was 
11.3% (95% CI:10.5-12.3) and sett-level prevalence of M. bovis infection was 15.2% (95% 
CI:14.0-16.4). One of the effective ways to reduce the prevalence of infections in badgers is by 
culling. Byrne’s studies also found out a sharp decline in prevalence of M. bovis in badgers from 
26% to 11% during their study from 2007 to 2013 in places where badgers were culled which 




The presence of a wildlife reservoir is an important constraint against the goal of eradicating 
bovine TB in Ireland, thus, controlling the disease in badger populations is a key aspect of 
controlling the disease in cattle. Studies of badger removal in four different areas of Ireland 
demonstrated that cattle and badgers shared the same M. bovis strains in a given geographical 
areas, suggesting the potential crossover of the disease between these species (Olea-Popelka et 
al., 2005; Sheridan, 2011). With agreement from the National Park and Wildlife Services, the 
Department of Agriculture Food and the Marine (DAFM) has set up a wildlife unit in Ireland, 
that focuses in controlling badger’s densities where cattle had concurrent TB cases (Corner et al., 
2012). 
 
1.7 Current Bovine TB control policy in Ireland 
 
The first step in the surveillance of bovine TB is screening of animals by a skin test known as 
Single Intradermal Comparative Cervical Test (SICCT). The sensitivity of SICTT has been 
reported to range between 70-90% (Monaghan et al., 1994) and the specificity is 99.98% 
(Goodchild et al., 2015). It is conducted through government veterinary inspectors and private 
veterinary practitioners each year. If cattle test positive (reactors), these animals are rapidly 
removed from the herd and slaughtered.  The source herds of reactor animals are restricted from 
movement and retested. The restricted herds are lifted from restriction after all animals test 
negative on two consecutive tests at two months’ interval (Monaghan et al., 1994; de la Rua-
Domenech et al., 2006; Duignan et al., 2012).  
Another important component of the bovine TB eradication program in Ireland is routine 
slaughter surveillance by veterinary inspectors, aimed at detecting gross lesions (tuberculous 




component to identify infected animals/herds. Furthermore, the suspected lesions are submitted 
for laboratory confirmatory diagnosis of TB by microscopy, histology, and culture (Corner, 
1994; Frankena et al., 2007; Olea-Popelka et al., 2012). 
Currently, a field vaccination program for badgers using the Bacillus-Calmette Guerin (BCG) 
vaccine has been implemented. Aznar et al. (2011) showed that BCG vaccination can decrease 
disease severity in badgers. However, a modeling study has suggested that although there are 
significant benefits to vaccination, it is not able to break the transmission pathways completely 
(Aznar et al., 2011). 
 
1.8 The Tuberculin skin test in Cattle in Ireland 
 
The SICTT is one of the primary diagnostic tools approved by the Council Directive 64/432 
(European Commission, 1964). It involves the simultaneous injection of both bovine and avian 
tuberculin in separate sites at the neck region in an animal. The interpretation is based on a 
principle that cattle infected with M. bovis shows greater skin reaction to bovine tuberculin than 
to avian tuberculin. Generally, infection with other tuberculosis strains shows the greater reaction 
to avian tuberculin injection areas (de la Rua-Domenech et al., 2006).  
 
Immunology of the tuberculin test 
When tuberculin, a purified protein derivative (PPD) from mycobacteria is intradermally 
injected, it produces a delayed-type hypersensitivity in animals (de la Rua-Domenech et al., 
2006).  The bovine tuberculin, currently used in European countries, is a derivative of a field 
strain of M. bovis AN5, while the avian tuberculin is obtained from cultures of specific strains of 




exposure to the bacteria, the T-cells are sensitized and injecting tuberculin triggers an immune 




An injection site in the cervical region of an animal is clipped and cleaned. The fold within each 
clipped skin area is measured and sites are marked prior to injection. The test is performed by 
injecting 0.1 ml each of Mycobacterium avium-derived protein and M. bovis-derived protein 
intradermally at two injection sites in the neck region. The 1 ml tuberculin syringe is used to 
inject the purified protein derivative. The distance between the two injections should be 
approximately 12–15 cm (OIE, 2015). The difference in the initial skin thickness after 72 hours 
is measured (Monaghan et al., 1994).  
 
Test Interpretation: 
When the bovine reaction is 4 mm greater than the avian reaction, or if local clinical signs such 
as edema, exudation, necrosis, or pain are present at the bovine injection site, an animal is 
considered a “standard reactor” (Green & Cornell, 2005). An animal is considered inconclusive 
to the test when the bovine reaction is between 1 to 4 mm greater than the avian reaction and 
there are no clinical signs at the bovine site.  A negative result is recorded when no bovine 
reaction is present or when the bovine reaction is equal to or smaller than the avian reaction in 
the absence of clinical signs (Monaghan et al., 1994). According to Monaghan et al. (1994), the 
sensitivity of SICTT is estimated to be as high as 70-90%, thus, there is a probability of false 




specificity for non-infected herd as high as 99.983% (99.979 to 99.987%) when using a standard 
cut-off. These figures range depending upon the cut off criteria used like 99.915 % specific for a 
severe cut-off which includes severe and standard reactors and 99.871% for an ultra-severe cut-
off, which includes inconclusive, severe and standard reactors. The herd-wise specificity was 
estimated to be about 99.5% (Goodchild et al., 2015). 
 
1.9 Limitation of the Tuberculin test 
 
The median sensitivity of  SICCT is 75%, and thus, some infected animals go undetected when 
the tuberculin test is used as an screening test (Morrison et al., 2000). A false negative may result 
due to poor body condition of diseased animal, anergy, immunosuppression for other reasons, or 
desensitization due to pregnancy, lactation, or concurrent disease (de la Rua-Domenech et al., 
2006). The SICCT used in Ireland and UK is considered a good herd test but a poor animal test 
because the herd level sensitivity (HSe) of SICCT is higher than the individual animal 
sensitivity. A herd is considered infected if at least one standard reactor is detected (Christensen 
& Gardner, 2000).  
 
1.10 The slaughter surveillance in Ireland 
 
According to Kaneene et al. (2006); Frankeena et al.(2007) and Olea-Popelka et al. (2012), 
slaughter surveillance is one of the key components in detecting infections in herds. The 
identification of bovine TB lesions during meat inspection is highly important for disease 
surveillance and control of infections, even in countries with officially TB-free (OTF) status 
(Domingo et al., 2014). The postmortem examinations of animals during the slaughter is not only 
a useful tool in detecting the infected herds missed by the skin testing (SICCT surveillance) but 




2016). The detection of lesions at abattoirs is a cost-effective measure for passive surveillance of 
bovine TB (Schiller et al., 2011). In Ireland, about 36% of bovine TB breakdowns between 1995 
to 2010 were first detected by abattoir’s surveillance (Abernethy et al., 2013). In more recent 
years (1999-2007), between 27 and 46% of all new herd breakdowns have been detected by this 
method (O’Keeffe and White, 1999 in Frankeena et al., 2007). Thus, slaughter surveillance is a 
complementary tool to tuberculin test applied in the Republic of Ireland. 
 
Routine slaughter surveillance is based on palpation, incision, and the inspection of a defined 
range of lymph nodes.  Because bovine TB lesions cannot generally be distinguished from non-
tuberculous granulomas on gross inspection alone, suspect lesions from attested animals are sent 
to a diagnostic laboratory for confirmation (Frankeena et al., 2007; Olea-Popelka et al., 2012). 
The routine ante- and post-mortem inspections of all cattle slaughtered in Irish abattoirs are 
usually carried out by private veterinarians on a part-time basis known as Temporary Veterinary 
Inspectors (TVI). These private veterinarians take two-week training courses on EU regulations 
and the correct postmortem practices before approval to act as TVIs (Duignan et al., 2012).   
Despite the importance of abattoir surveillance, the isolation of bacteria from culture in a 
laboratory is the only definitive diagnosis for the confirmation of bovine TB (Corner, 1994). An 
animal is considered positive for bovine TB if lesion detected is positive by histopathology 
and/or culture in Ireland (Frankena et al., 2007; Olea-Popelka et al., 2012). 
 
Two studies by Frankena et al. (2007) and Olea-Popelka et al. (2012) revealed that there was a 
great variation in effectiveness of detection of the bovine TB lesions among Irish abattoirs. The 




0 to 58 per 10,000 in Frankena’s (2007) study. Olea-Popelka et al. (2012) showed that an 
average submission risk of 25 lesions per 10,000 animals slaughtered ranging from 0 to 52.  
 
 
 1.11 Potential Risk factors contributing to bovine TB lesions detection at slaughter 
 
The current bovine TB control program in Ireland has not achieved the eradication goal despite 
several control efforts, which may be due to several factors (More and Good, 2015). Firstly, 
bovine TB persistence either in herds or the locality contributes to residual infection among 
cattle. Secondly, an interaction of cattle herds with wildlife reservoirs such as badgers leads to 
reinfection of cattle herds. Thirdly, the detection of bovine TB lesions at abattoir is influenced by 
animal and herd level factors (Olea-Popelka et al., 2008; Berrian et al., 2012). 
However, Morrison et al. (2000) hypothesized that the routine use of a screening test with 
imperfect sensitivity could result in a substantial pool of undetected infection in British cattle 
herd. Since reactors herds are restricted and retested after 60 day intervals, the use of more 
sensitive and multiple tests in parallel helps in reducing of the likelihood of re-infections and 
recurrent breakdowns in the herds (Goodchild & Clifton-Hadley, 2001). 
Additionally, a previous history of bovine TB detection in the herds influences the risk of finding 
a bovine TB lesion at slaughter (Clegg et al., 2016). The risk of finding a case increases by about 
1.5 times among cattle herds with a previous bovine TB history compared to herds without a 
previous bovine TB history. Similarly, the odds of finding a case increased with the time spent in 
the restricted herd. These findings of Clegg et al. (2016) are consistent with Olea-Popelka et al. 
(2008), who showed that the odds of the detecting a case increased with the number of standard 





Further, Morrison et al. (2000) hypothesized that the routine use of a screening test with 
imperfect sensitivity could result in a substantial pool of undetected infection in the cattle herd. 
As the reactors herds are restricted and retested after 60 day intervals, the use of more sensitive 
and multiple tests in parallel helps in reducing  the likelihood of re-infections and recurrent 
breakdowns in the herds (Goodchild & Clifton-Hadley, 2001). 
 
Known risks factors that contribute to bovine TB lesion detection can be classified in the 
following categories. 
Animal and herd level risk factors: 
 
a) Age: Age is one of the main risk factors for development of TB in cattle. As the 
development of TB takes a longer duration, older animals are more likely to detect 
lesions at abattoirs compared to younger animals. Age was found to be a potential risk 
factors for progression of disease in cattle of  both developed and undeveloped countries 
(Olea-Popelka et al., 2008; Humblet et al., 2009). In Northern Ireland, there was an 
increase in the proportion of confirmed bovine TB with the increasing age, with animals 
> 6 years in age twice as likely to develop bovine TB than those younger than 2 years 
(Lahuerta-Marin et al., 2016).    
b) Sex: Sex is a risk factor that often related to management practices. For instance, a study 
in Tanzania showed that male oxen were more likely to have bovine TB than females, as 
males were kept for a longer period than females. In contrast, a cross-sectional study in 
Uganda revealed significantly more females with positive skin tests than males.  This is 
due to difference in management practices in developing countries where the females are 




c) Season:  In Ireland, the risk of testing positive on SICITT increased in winter months 
when animals are kept indoors. This is thought to be result of an increased stress due to 
greater stocking density when kept indoors (Lahuerta-Marin et al., 2016). 
d) Previous TB history in herds: Several studies have depicted that future risk of detecting 
bovine TB increases with previous herd history of testing positive for TB  (Olea-Popelka 
et al., 2004 ; Wolfe et al., 2009; Clegg et al., 2013 ; Gallagher et al., 2013). 
e) Herd type: Suckler herds (that is, dams with beef-breed calves) are more likely to be 
detected with bovine TB compared to other herds (Clegg et al. 2016). 
f) District Electoral Divisions (DED) risk class: Animals from regions where the number of 
reactors are high, have a higher chance of having bovine TB lesions detected at the 
abattoirs (Frankena et al., 2007). 
g) Herd size: Herd size is an important risk factor. The risk of bovine TB increases with 
increasing herd size (Winkler & Mathews, 2015). Studies by Clegg et al. (2008, 2016), 
however,  have found the opposite in Ireland. This could be because the initial studies 
were done at the herd level, whereas the Clegg et al. (2016) study was done at animal 
level. The management methods in Ireland, keeping animals in close contact with all 
other cattle on the farm in small herds, may increase the risk at animal level. 
h) Herd locations: Bovine TB risk is higher among contiguous herds located in areas with 
higher bovine TB prevalence (More and Good, 2015). 
i) Abattoirs: Abattoirs is also a potential factor for the detection and conformation of bovine 
TB lesions. There was a significant variation in finding bovine TB lesion among abattoirs 
and the subsequent confirmation of submitted lesion in the laboratory due to abattoir-




1.12 Limitation of slaughter surveillance in Ireland 
 
The visible lesions risk (VLR) is the number of animals deemed  reactors at a herd test with a TB 
lesions detected at postmortem examination (Berrian et al., 2012). The visible lesion detection 
risk in recently tested animals is used as one of indicators of reliability of SICTT (Duignan et al., 
2012). The VLR varies due to differences in physical settings, inspection facilities of the 
abattoirs, and experience and training of the veterinary inspector. Also, when disease prevalence 
falls, detection of lesions in reactor cattle is difficult (Frankena et al., 2007). Thus, a lesion 
detection in an abattoir is impacted in several ways. Firstly, it depends upon the size and location 
of the lesion. Smaller lesions are harder to detect if they are found in the lymph nodes. 
Pathological signs are hard to detect when the animal is at the early stage of infection and an 
exhaustive inspection procedure should be done to detect the incipient lesions (Corner, 1994). 
Secondly, the prevalence of disease from where cattle came to slaughter affects the detection and 
confirmation risk during slaughter (Corner, 1994). Thirdly, the detection of lesions can be 
complicated by several other diseases with similar clinical presentations, including 
actinomycosis (‘lumpy jaw’), actinobacillosis (‘wooden tongue’), coccidioidomycosis (‘Valley 
fever’), paratuberculosis (‘Johne’s disease’), Rhodococcus spp. (in the form of a pyogranuloma), 
nocardiosis, neoplasms, parasitism, etc. (Ritacco et al., 2006). 
In Ireland and United Kingdom (UK), 50-80 % of reactor cattle show no visible lesions (NVL) at 
slaughter and fail to have M. bovis isolated on culture (Goodchild & Clifton-Hadley, 2001; de la 
Rua-Domenech et al., 2006). The NVL and failure to isolate M. bovis could be the result of 
animals being in early stages of infection with M. bovis, when TB granulomas are small or 





Other possible causes would be disease latency and cross-reaction of antibodies against 
environmental mycobacteria with bovine tuberculin (Pollock & Neill, 2002). 
Finally, many studies revealed that cases of the bovine TB persistence in Irish cattle herds may 
be due to residual infections among herds, environmental sources such as wildlife reservoirs, 
between-farm transmission, or introduction of infected cattle in disease free herds (More & 
Good, 2015). Ireland had one of the highest herd level prevalence of bovine TB in Europe 
(4.37%), in spite of its national control programs (European Food Safety Authority (EFSA), 
2009; Schiller et al., 2011). 
 




About 85% of diagnoses are based on histopathological examination of lesions submitted to the 
national bovine TB reference laboratory known as DAFM Central Veterinary Research 
Laboratory (CVRL). The results of the histopathology are highly correlated to the culture. The 
laboratory and the abattoirs in Ireland are linked to the AHCS, so the status of a given sample 
can be monitored easily (Duignan et al., 2012). 
On the basis of histopathology, granulomatous lesions are classified into four types (Wangoo et 
al., 2005). Type I granulomas consist of clusters of epithelioid macrophages with multinucleated 
Langerhans-type cells and a thin rim of lymphocytes, and no necrosis. In type II granulomas, 
epithelioid macrophages, multinucleated Langerhans-type cells, and lymphocytes are more 
numerous, and caseous necrosis starts to develop in the centers of the tubercles.  In type III 




granulomas are matured and have caseous necrosis with mineralization and development of 
fibrous encapsulations. Determining the type of granuloma helps in identification of the stage of 
disease and differentiating normal granulomas from those induced by vaccination and 
immunosuppression. 
The procedure for analyzing the tissue via histopathology is as follows: the tissue from the 
granulomas are ground finely into small pieces and treated for non-mycobacteria.  Next, they are 
concentrated by centrifugation and applied on microscopic slides and stained with the Ziehl-
Neelsen stain for visualization. A positive smear shows short pink rods of TB bacilli (OIE, 
2015). 
 
Culture of M. bovis  
 
M. bovis are non-motile rod-shaped bacteria with a mycolic acid cell wall (Corner et al., 2011). 
For primary isolation, tissue sediment is inoculated in Stonebrink’s or Lowenstein medium that 
contains pyruvate or pyruvate and glycerol. The plates are incubated for 8 weeks at 37° C 
without CO2. In a suitable pyruvate-based solid medium, colonies of M. bovis are smooth and 
off-white (buff) in color (OIE, 2015). Isolation of M. bovis must be carried out in at least a 
biosafety level (BSL) 2 laboratory due to its hazardous nature (Corner et al., 2012).  
 
Blood based test. 
 
Despite SICCT as the primary diagnostic test, a number of ancillary tests have been developed to 
improve the overall sensitivity and the specificity of bovine TB tests. The interferon gamma 
assay is an ancillary test that has improved sensitivity. It has been used in clearing infected herds 





The interferon gamma assay (IFN-γ) is based on the cytokines produced by T-lymphocytes of 
bovine TB infected animals after stimulation using the M. bovis antigen. The IFN-γ test is more 
sensitive than SICCT, and has similar specificity (Menin et al., 2013). A study conducted in 
Spain has shown that the sensitivity of IFN- γ was as high as 89.3% (95% CI 77·5–97·2) 
(Alvarez et al., 2012). The IFN- γ test detects a substantial proportion of animals that escaped the 
tuberculin test because IFN-γ identifies animals at an earlier stage of disease than the skin test 
(Goodchild et al., 2003 ; Pollock et al., 2006). 
 
 
1.14 Thesis objectives: 
 
The objectives of this study are twofold: 
a) To evaluate the effectiveness of Irish abattoirs in detecting/confirming bovine TB lesions. 
 
b) To rank abattoirs based on bovine TB detection and confirmation risk, controlling 


























2.1 Data sources:   
 
The data were obtained from the Department of Food and the Marine (DAFM), Republic of 
Ireland and The Centre for Veterinary Epidemiology and the Risk Analysis (CVERA) at 
University College, Dublin, Ireland. Three different data sources were used for this analysis: 
a) The Animal Health Computer System (AHCS), with tuberculin testing data of all herds in 
Ireland including all bovine TB reactor animals since 1989.   
b) The Cattle Movement and Monitoring System (CMMS), a fully operational animal 
identification system recording calf registrations, cattle movements (farm-to-farm, via a market 
and to slaughter plant) and on-farm deaths in Ireland since January 1, 2000.  
c) A laboratory database containing testing results (histopathology and culture reports since 
2000) from the national slaughter plant surveillance program. 
 
2.2 Data Descriptions: 
 
The original surveillance data includes a total of 1,552,827 observations and 22 variables. These 
variables gave overview of the slaughter surveillance data keeping, though not all the variables 
were needed for this analysis. The following table is a description of the information contained in 








Table 1: Variables related to slaughter surveillance for year 2008 in Ireland. 
 Variables Descriptions 
animal_id Encoded tag no. of slaughtered animal 
tb_skin_status 
Recent skin test status, coded as follows: N = Negative/Clear; I= 
Inconclusive within previous 90 days; P=Test Positive (reactor). 
abattoir_lesion_s
tatus  
Abattoir lesion status coded as follows: N= No visible lesion(s); 
I=Abattoir lesion inconclusive; P= Abattoir lesion positive, C= 
Clear herd. 
kill_herd _no Encoded herd no. of kill herd. 
kill_date Date of slaughter of animal. 
kill_type The method of killing.  S= Slaughter. 
Kill_herd_no The herd no of the slaughtered herd 
abattoir_no 
 Original abattoir identity 
birth_date Birthdate of animals (form year 1998 onwards for this study). 
birth_herd_no Encoded birth herd no of animal during birth 
gender Male / female 
date_purchase 
Date of purchase of slaughtered animals (non-homebred animals 
only) 
last_test_date 
Date of last test in slaughtering herd prior to animal's slaughtered 
date. 
first_herd_test_d
ate First recorded herd test date in slaughtering herd since 1989. 
last_cl_date 
Date of last clearance test in slaughter herd prior to animal's 
kill_date 
within_epi 
Were the animals obtained from the District Electoral Division 
(DED) risk area (Yes/No)? 
restr_date Date of restriction of slaughter herd where within epi = Y. 
herd_type DAI = Dairy; SUC= Suckler; BEE=Beef; OTH=Other. 
kday The day of killing of animal in "Day Month Year" 
kyera Kill year (2008) 
age The age of animals  
year_clear 
The time interval of the animals cleared from TB after restrictions 
(in years) to slaughter day  
lesions Detection of lesion. Presence=1 and absence=0. 









The variables contain information regarding animal and herd characteristics including age, 
gender, herd type, date of purchase, interval of herd TB clearance, tuberculin status and the 
geographical locations of animals brought for slaughter. The total number of attested cattle (i.e., 
negative to the SICTT test) that were sent to slaughter in Irish factories (abattoirs) during the 




The results of all the cattle with the tuberculin test are available since 1990. All herds in Ireland 
are tested at least once a year but the infected herds are tested more often. The database has the 
information of all the herds’ identification number, location of the herd in each District Electoral 
Division (DED), the testing dates, and the total number of animals tested negative to tuberculin 
test. The data of tuberculin test data are used to calculate the animal level prevalence of bovine 




There were 35 Irish abattoirs (slaughterhouses) operating in Ireland in 2008. Information on the 
abattoir includes abattoir number, total number of animals slaughtered, and the number of bovine 







Laboratory component  
 
Bovine TB suspected lesions are submitted to a laboratory for histopathology and bacteriology 
(culture) for M. bovis confirmation. The laboratory data include results indicating if bovine TB 
lesions were positive, negative and/or inconclusive to M. bovis. 
 
2.3 Study Population:  
 
Out of the total 1,552,827 attested cattle slaughtered in Irish abattoirs only 1,362,195 animals 
were included in this analysis after excluding those not matching our study criteria or having 
missing data. The inclusion and the exclusion criteria are listed as follows. 
Exclusion Criteria:  First, any animals with inconclusive results to skin test were not included in 
our study. There are 866 animals excluded from total slaughtered cattle due to inconclusive skin 
test. Next, all the animals belonging to a herd undergoing a TB episode prior to slaughter were 
excluded from the study. There are 189,993 animals having TB episodes prior to slaughter that 
were excluded from this study. Also, animal with incomplete data or the missing information on 
birthdates, year of clearance and gender were excluded from our study. 
Inclusion Criteria: All the attested cattle (tested negative to the SICCT) with the complete data 
on potential confounding variables were included in the study, summing a total of 1,362,195 
animals.  
 
2.4 Study Design:  This is a retrospective cross-sectional study to evaluate factors associated 
with the risk of detecting and confirming a bovine TB lesion among animals slaughtered in 






2.5 Statistical Analysis: 
 
StataIC 14.2® (StataCorp, Lakeway Drive, College Station, TX, USA) was used for data 
cleaning, formatting, and statistical analyses.  
 
2.6 Risk factors: 
 
The risk factors selected for this analysis are based on the knowledge obtained from prior studies 
conducted by Frankeena et al. (2007) and Olea_Popelka et al. (2012) in Ireland. The factors 
selected for the study are the abattoirs, age and gender of the animals, the types of animal herds, 
season of the animal slaughtered, either purchased or home bred animals (animal origin), length 
of time a herd free from bovine TB after restriction, District Electoral Division (DED) of animal 
originated from. Thus, the final study model includes the data on eight potential confounding 
factors. 
 
2.7 Descriptive analysis:   
A descriptive analysis was conducted to calculate the crude risk of bovine TB lesion 
detection/confirmation for each abattoir.  Abattoirs were ranked from highest to lowest bases on 
the risk (%) of detecting/confirming bovine TB lesions. Additionally, the crude risk was 
calculated for different animal and herd level factors. The frequency and distributions of 
confounding factors for each animal was also described in detail. The risk of detection and the 
confirmation were calculated for each abattoir and different factors using the following formula:  
i) Detection Risk =   number of animals with bovine TB lesions detected 
                                                               number of animals slaughtered 
 
ii) Confirmation Risk =   number of bovine TB lesions confirmed with M. bovis 




The term detection risk is used interchangeably with the submission risk that was used with the 
similar previous studies. 
 
2.8 Univariable analysis: Univariable logistic regression analysis was done to evaluate 
associations between each factor and the outcome (detection of bovine TB lesion in abattoirs and 
subsequent confirmation). The odds of detection and confirmation of lesions for each risk factor 
were calculated by this method. 
 
2.9 Adjusted detection risk: 
 
A multivariate logistic regression model was conducted to adjust the abattoirs ranking (risk of 
bovine TB lesions detection/submission) by adjusting results by the potential confounding effect 
of different animal and herd level factors know to be associated with bovine TB in Ireland.  
The following multivariable logistic regression model was utilized for this study: 
Logit (P[Y=1|F+x] = μ +F+x1+x2 +x3+…………+x7), 
where (P[Y = 1|F + x] is the probability that a lesion detection among animals slaughtered at 
each abattoir while adjusting for a set of confounders (𝑥𝑥); 𝜇𝜇 is the overall mean; and “F” denotes 
all the 35 Irish factories operating in 2008 where the attested animals were slaughtered. Abattoir 
(F) is our main risk factors and the covariates are (𝑥𝑥𝑛𝑛) where,  
𝑥𝑥1 = Age of animal  
𝑥𝑥2 = Gender of animals with two categories: Male (M) and Female (F) 
𝑥𝑥3= Herd type with four factor categories: Beef (B), Dairy (D), Suckler (S), and Others (O). 
𝑥𝑥4= Length of time animal free from TB after restriction. 




𝑥𝑥6= Seasons of animals slaughtered (four classes: Jan-Mar, Apr-Jun, Jul-Sep, and Oct-Dec). 
𝑥𝑥7 = Animal origin (Homebred and purchased cattle) 
 
The predicted probability of detecting a bovine TB lesions (%) based on these set of animal and 
herd level factors included in the model were obtained for each abattoir and used to calculate the 
adjusted ranking. 
 
2.10 Adjusted Confirmation Risk: 
  
A comparable multivariable logistic regression model as described in 2.9 was used to calculate 
the adjusted confirmation risk accounting for all the potential confounders. The adjusted 
































3.1 Descriptive analysis: 
 
Crude ranking of abattoirs (slaughterhouses): 
 
There was a wide range of variation between the crude detection risks of suspected bovine TB 
lesions among all thirty-five abattoirs in Ireland (Table 2). The crude detection risk of the 
suspected bovine TB lesions among the abattoirs ranges from 0 to 0.56% (0 to 56 per 10,000 
animals slaughtered) (Table 2) with an average of 25 per 10,000 animals slaughtered. The 
abattoirs were ranked from 1 to 33 (1 being the best abattoir and 33 being the worst) based on the 




























Risk (%) Rank 
1 72,238 184 0.25 11 
2 53,409 91 0.17 24 
3 60,007 137 0.23 17 
4 78,932 84 0.11 30 
5 57,711 189 0.33 6 
6 57,555 80 0.14 26 
7 53,278 158 0.30 9 
8 59,533 72 0.12 27 
9 58,179 176 0.30 8 
10 72,194 383 0.53 2 
11 46,334 93 0.20 20 
12 54,986 129 0.23 16 
13 2,438 6 0.25 14 
14 39,041 94 0.24 15 
15 52,528 100 0.19 21 
16 54,117 90 0.17 25 
17 71,482 397 0.56 1 
18 4,766 10 0.21 19 
19 52,210 158 0.30 7 
20 50,015 216 0.43 4 
21 9,772 8 0.08 31 
22 39,612 47 0.12 28 
23 58 0 0.00 33 
24 47,408 1 0.00 32 
25 50,292 91 0.18 22 
26 27,935 111 0.40 5 
27 22,263 63 0.28 10 
28 39,233 203 0.52 3 
29 17,617 37 0.21 18 
30 1,108 2 0.18 23 
31 667 0 0.00 33 
32 41,456 0 0.00 33 
33 5,399 6 0.11 29 
34 3,155 8 0.25 12 
35 5,267 13 0.25 13 




Age:   
Among the total 1,362,195 attested animals slaughtered used for this analysis, 48.3% of them 
were two to three years of age, 24.4 % of them were one to two years of age and more than 6% 
of animals were greater than 10 years old. The animal’s age and the risk of suspected bovine TB 
lesion detection and its subsequent confirmation are shown in Table 3. The mean and median age 
distributions of the animals were 3.2 and 2.4 respectively (Figure 1). The risk of detecting and 
confirming suspected bovine TB lesion was found to increase with age. 
 
Table 3: Distribution of suspected bovine TB lesions detected and confirmed as M. bovis among animals 




















0-1 4,742 0.35 6 0.13 4 66.67 
1-2 332,673 24.42 518 0.16 301 58.11 
2-3 658,425 48.34 1,319 0.20 734 55.65 
3-4 107,067 7.86 382 0.36 216 56.54 
4-5 37,412 2.75 130 0.35 94 72.31 
5-6 31,047 2.28 115 0.37 81 70.43 
6-7 29,198 2.14 123 0.42 87 70.73 
7-8 28,419 2.09 123 0.43 100 81.30 
8-9 25,579 1.88 131 0.51 102 77.86 
9-10 22,952 1.68 118 0.51 89 75.42 
>10 84,681 6.22 472 0.56 379 80.30 








Figure 1:The age distribution among the slaughtered animals. 
 
Gender:  
Among the 1,362,195 attested animals slaughtered, 46 % of them were female and 54% were 
male. The risk of suspected bovine TB lesions detection and their confirmation was higher 
among females than males. The animal’s gender distributions and risk of suspected bovine TB 
lesions detection and their subsequent confirmations are shown in Table 4.  
Table 4: Distribution of suspected bovine TB lesions detected and confirmed as M. bovis among female 

















Female 623,398 45.76 1,835 0.29 1313 71.55 
Male 738,782 54.24 1,602 0.22 874 54.56 












Herd Type:  
 
Out of total animals slaughtered, 40% of the animals were slaughtered from sucklers herd, 31% 
were from beef herds, 27% were from the dairy herd and 2% were from others herd category. 
The risk of suspected bovine TB lesion detection was highest among sucklers and other breed 
types (on average 31 lesions per 10,000 animals slaughter) and lowest in dairy type (on average 
18 per 10,000 animals slaughtered). On the other hand, the risk of suspected bovine TB lesions 
confirmation was higher among sucklers than other breed types, 69.5% and 61.7%, respectively. 
The herd type distributions and risk of suspected bovine TB lesions detection and their 
subsequent confirmations are shown in Table 5.  
Table 5: Distribution of suspected bovine TB lesions detected and confirmed as M. bovis among animals 


















Beef 420,855 31.48 1,066 0.25 611 57.32 
Dairy 359,627 26.9 639 0.18 382 59.78 
Others 22,168 1.66 68 0.31 42 61.76 
Suckler 534,112 39.96 1,630 0.31 1132 69.45 




The risk of the suspected bovine TB lesions detected among animals varied with season. The risk 
of suspected bovine TB lesion detection was highest in autumn (0.29%) followed by summer 
(0.26%). Spring and winter have equal risk of bovine TB lesions detection among the 
slaughtered animals (0.23%). Also, the risk of lesions confirmations is highest during the 




63.63%. The seasonal distributions and risk of suspected bovine TB lesion detection and their 
subsequent confirmation are illustrated by Table 6. 
Table 6: Distribution of suspected bovine lesion detected and confirmed as M. bovis among animals at 
different seasons in Irish abattoirs during 2008. 




















Apr-Jun 320,096 23.5 722 0.23 435 60.25 
July-Sep 364,747 26.78 943 0.26 612 64.90 
Oct-Dec 348,012 25.55 1,001 0.29 666 66.53 




Animal Origin:   
More than two third of slaughtered animals in 2008 were purchased cattle. Importantly, the risk 
of suspected bovine TB lesion detection among the purchased animals was higher than the 
homebred animals (on average 26 lesions per 10,000 animals and on average 20 lesions per 
10,000 animals respectively). However, the risk of confirmation out of total lesions detected 
were 62.4% for purchased cattle and 62.1% for homebred cattle. The overall confirmation risk is 
62.34 %. 
The origin of animals and risk of suspected bovine TB lesions detection and their subsequent 





Table 7: Distribution of suspected bovine TB lesions detected and confirmed as M. bovis among 

















Purchased 917,138 70.82 2,402 0.26 1,499 62.41 
Homebred 377,972 29.18 774 0.20 481 62.14 






When the herds are tested positive for bovine TB, they are restricted for a certain time interval 
until they are tested negative in retesting. The time period after the herds are cleared from bovine 
TB restrictions to the time of slaughtered is defined as years free. The risk of suspected bovine 
TB lesion detection and risk confirmation decreases with the increase in the interval of the year 
free of bovine TB are illustrated in Table 8.  
Table 8: Distribution of suspected bovine TB lesions detected and confirmed as M. bovis among animals 




















0-1 276,735 20.7 796 523 0.29 65.70 
1-2 147,476 11.03 395 264 0.27 66.84 
2-3 111,339 8.33 292 191 0.26 65.41 
3-4 80,431 6.02 205 120 0.25 58.54 
>4 720,867 53.92 1,715 1,069 0.24 62.33 




DED Risk Category:  
In Ireland, District Electoral Division (DED) is low-level territorial division. It is useful in 
locating the animal herds and in our analysis DED’s were divided in four categories using 
quartiles based on prevalence of bovine TB that area (1=very low, 2=low, 3=medium and 
4=High) based on the annual disease prevalence. The animal’s DED risk class and the risk of 
suspected bovine lesion detection and confirmation are shown in Table 9. 
Table 9: Distributions of suspected bovine TB lesions detected and confirmed as M. bovis among animals 
slaughtered of different DED risk class in Irish abattoirs during 2008. 
DED Risk 












Very Low 334747 748 0.22 425 56.82 
Low 333486 763 0.23 457 59.90 
Medium 337129 824 0.24 534 64.81 
High 356833 1102 0.31 771 69.96 




3.2 Univariable logistic regression analysis: 
 
Age: The odds of detecting suspected bovine TB lesions among slaughtered animals increased 
with age as shown in Table 10. Although the odds of detecting suspected bovine TB lesions were 
higher for animals of ages between 1-2 and 2-3 years of age compared to animals younger than a 
year old, these results were not statistically significant (p=0.61 and p=0.26, respectively). 
However, there were statistically significant differences in detecting suspected bovine TB lesions 
among animals in all categories greater than three years of age when compared to animals 




Table 10: Univariable analysis for the association between animal age and risk of suspected bovine TB 
lesion detection among animals slaughtered in Irish abattoirs during 2008. 
Age Category (years)  Odd Ratio (95% CI) P-Value 
0-1 Reference -  
1-2 1.2 (0.6-2.8) 0.61 
2-3 1.6 (0.7-3.5) 0.26 
3-4 2.8 (1.3-6.3) 0.01 
4-5 2.8 (1.2-6.2) 0.02 
5-6 2.9 (1.3-6.7) 0.01 
6-7 3.3 (1.5-7.6) <0.001 
7-8 3.4 (1.5-7.8) <0.001 
8-9 4.1 (1.8-9.2) <0.001 
9-10 4.1 (1.8-9.3) <0.001 
>10 4.4 (2-9.9) <0.001 
 
The odds of the confirming suspected bovine TB lesions increased with the animal’s age, 
however these results were not statistically significant (Table 11).  
Table 11: Univariable analysis for the association between animal age and risk of confirming 
bovine TB lesions in Irish abattoirs during 2008. 
Age Category(years) 
 Odd Ratio of confirmation   
(95% CI) P-Value 
0-1 Reference - 
1-2 0.7 (0.1-3.8) 0.67 
2-3 0.6 (0.1-3.4) 0.59 
3-4 0.7 (0.1-3.6) 0.62 
4-5 1.3 (0.2-7.4) 0.76 
5-6 1.2 (0.2-6.8) 0.84 
6-7 1.2 (0.2-6.9) 0.83 
7-8  2.2 (0.4-12.6) 0.39 
8-9  1.8 (0.3-10.1) 0.53 
9-10 1.5 (0.3-8.8) 0.63 





The odds of the detecting suspected bovine TB lesions among the slaughtered animals varied 
with herd types as illustrated in Table 12. The odds of detecting bovine TB lesions were 
significantly higher among suckler herd (OR=1.2, 95% CI: 1.1-1.3, p<0.001) compared to beef 
herd. However, the odds of detecting bovine TB lesions were higher among other animals 
(OR=1.2, 95% CI: 0.9-1.5, p=0.13) compared to beef type but the result was not statistically 
significant. Animals from dairy herds had lower odds of disclosing bovine TB lesions when 
compared to animals from beef herds (OR=0.7, 95% CI: 0.6-0.8, p<0.001). 
 
Table 12: Univariable analysis for the association between types of animal herd and risk of suspected 
bovine TB lesion detection among animals slaughtered in Irish abattoirs during 2008. 
Herd Types Odds Ratio (95% CI) P Value 
Beef  Reference  - 
Dairy 0.7 (0.6-0.8) <0.001 
Others 1.2 (0.9-1.5) 0.13 





Next, the odds of confirming bovine TB lesions among the suspected bovine TB lesions varied 
with herd types. The odds of confirming the suspected bovine TB lesions were higher among the 
dairy (OR=1.1, 95% CI: 0.9-1.4, p=0.32) and others (OR=1.2, 95% CI: 0.7-2.0, p=0.47) in 
comparison to beef herds, however these results were not statistically significant. While, the 
suckler herds (OR=1.7, 95% CI: 1.4-2.0, p<0.001) have significantly higher odds of confirming 
the suspected bovine TB lesions compared to beef herds in comparison to beef herds as shown in 




Table 13: Univariable analysis for the association between types of herds and risk of confirming bovine 
TB lesions in Irish abattoirs during 2008. 
Herd Type Odds Ratio (95% CI) P Value 
Beef Reference  - 
Dairy 1.1 (0.9-1.4) 0.32 
  Others 1.2 (0.7-2.0) 0.47 




The odds of detecting bovine TB lesions among females (OR=1.4, 95% CI: 1.3-1.5, p<0.001), is 
significantly higher than male animals as shown in Table 14. 
Table 14: Univariable analysis for the association between animal’s gender and risk of suspected bovine 
TB lesion detection among animals slaughtered in Irish abattoirs during 2008. 
Gender                      Odds Ratio (95% CI) P Value 
Male Reference - 
Female 1.4 (1.3-1.5) <0.001 
 
Next, the odds of the confirming bovine TB among the lesions detected was twice as high in 
female (OR: 2.1, 95%CI: 1.8-2.4, p<0.001) compared to males and statistically significant as 
shown in Table 15. 
Table 15: Univariable analysis for the association between gender of animals and risk of confirming 
bovine TB lesions in Irish abattoirs during 2008. 
Gender Odds Ratio (95% CI)     P Value 
Male Reference . 






The odds of detecting bovine TB lesions among animals slaughtered in summer (OR=1.1, 95% 
CI: 1-1.2, p<0.04) and autumn (OR=1.23, 95% CI: 1.1-1.4, p<0.04) were higher when compared 
to animals slaughtered in winter and the result were statistically significant as shown in Table 16.   
Table 16: Univariable analysis for the association between seasons of the animals slaughtered and risk of 
suspected bovine TB lesion detection among total animals slaughtered in Irish abattoirs during 2008. 
Season Odds Ratio (95% CI) P Value   
Winter Reference - 
Spring 0.96 (0.9-1.1) 0.47 
Summer         1.10 (1-1.2) 0.04 
Autumn 1.23 (1.1-1.4) <0.001 
 
The odds of confirming bovine TB lesions among the total lesions detected in summer (OR: 1.2, 
95% CI:1.0-1.4, p=0.14) were higher when compared among the animals slaughtered in winter 
but the result was not statistically significant. The odds of confirming bovine TB lesions among 
the total lesions detected in autumn (OR: 1.2, 95% CI:1.0-1.5, p<0.03) were higher when 
compared among the animals slaughtered in winter and the result was statistically significant 
which is shown in Table 17.  
 
Table 17: Univariable analysis for the association between the seasons of the animals slaughtered and risk 










Season Odds Ratio (95% CI) P-Value 
Winter        Reference - 
spring 0.9 (0.8-1.2) 0.63 
Summer 1.2 (1.0-1.4) 0.14 






With regards animal’s origin (purchased or homebred), the odds of detecting suspected bovine 
TB lesions among purchased animals (OR: 1.3, 95% CI: 1.2-1.4, p<0.001) were higher when 
compared with the homebred animals and the result was statistically significant as shown in 
Table 18. 
Table 18: Univariable analysis for the association between the animal origin and risk of suspected bovine 
TB lesions detection among animals slaughtered in Irish abattoirs during 2008. 
Animal Origin Odds Ratio (95% CI) P-Value 
Home bred Ref. - 
Purchased 1.3 (1.2-1.4) <0.001 
 
 
However, the odds of confirming the bovine TB lesion in purchased animals (OR: 1.0, 95% CI, 
0.9-1.2, p=0.90) were not significantly different than the odds of confirming bovine TB lesions 
in homebred animals (Table: 19). 
Table 19: Univariable analysis for the association between the animal origin and risk of confirming 
bovine TB lesions in Irish abattoirs during 2008. 
Animal Origin Odds Ratio (95% CI) P<0.05 
Home bred Reference - 




The odds of detecting suspected bovine TB lesions were not significantly different with the 





Table 20: Univariable analysis for the association between the length of year free of herds from bovine 
TB and risk of suspected bovine TB lesions detections among animals slaughtered in Irish abattoirs 
during 2008. 
Year Free Odds Ratio (95% CI) P Value 
0-1 Reference - 
1-2 0.9 (0.8-1.1) 0.25 
2-3 0.9 (0.8-1.0) 0.18 
3-4 0.9 (0.8-1.0) 0.12 
>4 0.8 (0.8-0.9) <0.01 
 
Similarly, the odds of confirming bovine TB among the lesions detected in Irish abattoirs with 
year free category were not significantly different (Table 21). 
 
 
Table 21: Univariable analysis for the association between the length of year free of herds from bovine 
TB and risk of confirming bovine TB lesions in Irish abattoirs during 2008. 
Year Free Odds Ratio (95% CI) P Value 
0-1 Reference - 
1-2 1.1 (0.8-1.4) 0.70 
2-3 1.0 (0.7-1.3) 0.91 
3-4 0.7 (0.5-1.0) 0.06 






DED Risk Class: 
 
The odds of detecting suspected bovine TB lesions were not significantly different from the 
increasing DED risk class “low” (OR: 1.0, 95% CI: 0.9-1.1, p=0.65) and “medium” (OR: 1.1, 




detecting suspected bovine TB lesions are higher in risk class “high” (OR: 1.4, 95%CI: 1.3-1.5, 
p<0.001) when compared to risk class “very low” and this difference was statistically significant, 
which is shown in Table 22. 
 
Table 22: Univariable analysis for the association between the DED risk class and risk of 
suspected bovine TB lesion detections among animals slaughtered in Irish abattoirs during 2008. 
DED Risk Class Odds Ratio (95% CI) P-Value 
Very low Ref      - 
Low 1.0 (0.9-1.1) 0.65 
Medium                   1.1 (1-1.2) 0.08 
High 1.4 (1.3-1.5) <0.001 
 
The odds of confirming bovine TB lesions were higher in risk class “medium” (OR: 1.4, 95% CI: 
1.1-1.7, p=0.002) and “high” (OR: 1.8, 95% CI: 1.5-2, p<0.001) when compared to risk class 
“very low” and this difference was statistically significant which is illustrated in Table 23.  
 
Table 23: Univariable analysis for the association between the DED risk class and risk of bovine TB 
lesion confirmations among animals slaughtered from attested herds in Irish abattoirs during 2008. 
DED Risk Class Odds Ratio (95% CI) P-Value 
Very low Ref  - 
Low 1.1 (0.9-1.4) 0.23 
Medium 1.4 (1.1-1.7) 0.001 








3.3 Multivariable logistic regression analysis: 
The adjusted OR for the detection of bovine TB lesions and the adjusted OR for confirmation of 
bovine TB lesions by each factor are described and listed below in Table 24. 
 
Age: 
The adjusted OR of detecting suspected bovine TB lesions increased with the increase in the age 
of animals and the results are statistically significant only among animal of ages greater than 
three years that is shown in Table 24. Similarly, the adjusted OR of confirming the suspected 
bovine TB lesions increased with the increase in the age of animals but they were not statistically 




The adjusted OR of detecting suspected bovine TB lesions was not higher among females 
(OR=0.9, 95% CI: 0.8-1.0) compared to male and the result was not statistically significant. The 
adjusted OR of confirming bovine TB lesions was higher among females (OR=1.4, 95% CI: 1.1-




The adjusted ORs detecting bovine TB lesions among the animals slaughtered in different 
seasons were different. The adjusted OR for the spring (OR=0.8, 95% CI: 0.8-0.9) is statistically 
significant but summer (OR=0.9, 95% CI: 0.8-1.0) and autumn (OR=1.0, 95% CI: 0.9-1.1) were 




The adjusted OR of confirmation for spring (OR=0.9, 95% CI: 0.7-1.1), summer (OR=1.0, 95% 
CI: 0.8-1.3) and autumn (OR=1.2, 95% CI: 0.9-1.5) were not significantly different compared to 
winter shown in Table 24. 
 
 
DED Risk Class: 
 
The adjusted odds of detecting suspected bovine TB lesions were significantly higher in DED 
risk class of “high” (OR: 1.4, 95% CI: 1.2-1.5) in compared to risk class “very low”. The 
adjusted odds of confirming TB lesions were significantly higher in risk class “medium” (OR: 
1.3, 95% CI:1.1-1.7) and “high” (OR: 1.7, 95% CI:1.4-2.2) when compared to risk class “very 
low” as shown in Table 24. 
 
Years Free: 
The adjusted odds of detecting suspected bovine TB lesions were not significantly different with 
herds free for more than four years of bovine TB (OR=1.0, 95% CI: 0.9-1.0) compared to herds 
who were free for less than a year (Table 24). 
 
Herd Type: 
The adjusted odds of detecting bovine TB lesions were significantly higher among suckler herd 
types (OR=1.1, 95% CI: 1.01-1.2) compared to beef herds. The odds of confirming bovine TB 
lesions were higher among suckler herds (OR=1.3, 95% CI: 1.1-1.6) compared to beef herds and 







The adjusted odds of detecting bovine TB lesions were not significantly higher among the 
purchased animals (OR=1.1, 95% CI: 1.0-1.2) compared to home-bred. The adjusted odds of 
confirming bovine TB lesions were higher among the purchased animals (OR=1.2, 95% CI: 0.9-




Table 24: Number of animals slaughtered for each confounding variables, the percentage of detection, percentage of confirmation and adjusted 













Adjusted OR for  
Detection (95% CI) Confirmation (95%CI) 
Age (years) 0-1 4,742 6 0.13 66.67 1.0 (reference) 1.0 (reference) 
1-2 332,673 518 0.16 58.12 1.2 (0.5 - 2.7) 1.0 (0.2-5.8) 
2-3 658,425 1,319 0.20 55.60 1.5 (0.7-3.4) 0.9 (0.2-5.6) 
3-4 107,067 382 0.36 56.54 2.5 (1.1-5.7) 1.0 (0.2-6.0) 
4-5 37,412 130 0.35 72.31 2.7 (1.2-6.3) 1.7 (0.3-10.9) 
5-6 31,047 115 0.37 70.43 2.9 (1.3-6.6) 1.6 (0.3-10.2) 
6-7 29,198 123 0.42 70.73 3.4 (1.5-7.7) 1.6 (0.3-10.3) 
7-8 28,419 123 0.43 81.30 3.5 (1.6-8.1) 3.0 (0.5-19.5) 
8-9 25,579 131 0.51 77.86 3.9 (1.7-9.1) 2.3 (0.4-14.9) 
9-10 22,952 118 0.51 75.42 3.9 (1.7-8.8) 1.7 (0.3-11.1) 
>10 84,681 472 0.56 80.30 4.2 (1.8-9.4) 2.2 (0.3-13.4) 
Sex Female 623,398 1,835 0.29 71.60 0.9 (0.8-1.01) 1.4 (1.1-1.7) 
Male 738,782 1,602 0.22 54.60 1.0 (reference) 1.0 (reference) 
Season Jan-Mar 329,340 771 0.23 61.50 1.0 (reference) 1.0 (reference) 
Apr-Jun 320,096 722 0.23 60.24 0.8 (0.8-0.9) 0.9 (0.7-1.1) 
Jul-Sep 364,747 943 0.26 64.90 0.9 (0.8-1.0) 1.0 (0.8-1.3) 
Oct-Dec 348,012 1,001 0.29 66.53 1.0 (0.9-1.1) 1.2 (0.9-1.5) 
DED risk class Very low 334,747 748 0.22 56.82 1.0 (reference) 1.0 (reference) 
Low 333,486 763 0.23 59.90 1.0 (0.9-1.1) 1.1 (0.9-1.4) 
Medium 337,129 824 0.24 64.81 1.1 (1.0-1.2) 1.3 (1.1-1.7) 
High 356,833 1,102 0.31 69.96 1.4 (1.2-1.5) 1.7 (1.4-2.2) 
Year clear of TB 0-1 276,735 796 0.29 65.70 1.0 (reference) 1.0 (reference) 
1-2 147,476 395 0.27 66.83 1.0 (0.9-1.1) 1.0 (0.7-1.3) 
2-3 111,339 292 0.26 65.41 1.02 (0.9-1.2) 0.9 (0.7-1.3) 
3-4 80,431 205 0.25 58.54 1.0 (0.9-1.2) 0.7 (0.5-1.0) 
>4 720,867 1,715 0.24 62.22 1.0 (0.9-1.0) 0.9 (0.7-1.1) 
Herd_type Beef 420,855 1,066 0.25 57.32 1.0 (reference) 1.0 (reference) 
Dairy 359,627 639 0.18 59.78 0.7 (0.6-0.8) 0.9 (0.7-1.2) 
Others 22,168 68 0.31 61.76 0.8 (0.7-1.1) 1.0 (0.6-1.7) 
       Sucklers 534,112 1,630 0.31 69.44 1.1 (1.01-1.2) 1.3 (1.1-1.6) 
Animal Origin Purchased 917,138 2,402 0.26 62.40 1.1 (1.0 -1.2) 1.23 (0.89-1.35) 




3.4 Adjusted ranking of abattoirs (slaughterhouses): 
 
The abattoirs were ranked from 1 to 31 (1 being the best and 31 being the worst abattoir) after 
adjusting bovine TB detection risks by animal/herd characteristics known to be associated with 
bovine TB in Ireland (Table 25). Similarly, abattoirs were ranked from 1 to 30 (1 being the best 
factory and 30 being the worst) after adjusting confirmation risks by animal/herd characteristics 




Table 25: The crude and adjusted risk of bovine TB lesions detection, and abattoir ranking (high to low), in Ireland during 2008. 
All animals from attested herds Animals from attested herd with complete data on confounding factors 
Abattoir No Number Slaughtered  
Crude 




(%) Adjusted Rank 
Crude Risk 
(%) Crude Rank 
1 72,238 0.25 11 64,521 0.32 14 0.26 12 
2 53,409 0.17 24 51,874 0.23 21 0.17 23 
3 60,007 0.23 17 59,166 0.29 17 0.22 17 
4 78,932 0.11 30 75,797 0.14 29 0.10 30 
5 57,711 0.33 6 50,273 0.44 6 0.33 6 
6 57,555 0.14 26 55,972 0.2 25 0.14 26 
7 53,278 0.3 9 50,874 0.39 8 0.30 8 
8 59,533 0.12 27 56,820 0.15 27 0.11 28 
9 58,179 0.3 8 56,896 0.42 7 0.30 7 
10 72,194 0.53 2 60,557 0.62 1 0.56 1 
11 46,334 0.2 20 45,276 0.28 18 0.20 20 
12 54,986 0.23 16 52,689 0.33 11 0.23 16 
13 2,438 0.25 14 2,381 0.32 12 0.25 14 
14 39,041 0.24 15 37,084 0.31 15 0.23 15 
15 52,528 0.19 21 49,346 0.24 20 0.18 22 
16 54,117 0.17 25 51,576 0.23 23 0.17 24 
17 71,482 0.56 1 66,580 0.61 2 0.52 2 
18 4,766 0.21 19 4,746 0.23 22 0.21 18 
19 52,210 0.3 7 46,765 0.36 9 0.27 10 
20 50,015 0.43 4 47,617 0.53 4 0.41 4 
21 9,772 0.08 31 9,065 0.1 31 0.08 31 
22 39,612 0.12 28 39,233 0.12 30 0.12 27 
23 58 0.00 33 - - - - - 
24 47,408 0.00 32 - - - - - 
25 50,292 0.18 22 48,766 0.22 24 0.16 25 
26 27,935 0.40 5 26,349 0.5 5 0.40 5 
27 22,263 0.28 10 20,717 0.35 10 0.28 9 
28 39,233 0.52 3 38,051 0.61 3 0.52 3 
29 17,617 0.21 18 16,856 0.3 16 0.21 19 
30 50,015 0.18 23 1,078 0.2 26 0.19 21 
31 667 0 33 - - - - - 
32 41,456 0 33 - - - - - 
33 5,399 0.11 29 5,297 0.14 28 0.11 29 
34 3155 0.25 12 3,138 0.27 19 0.25 13 
35 5267 0.25 13 4,892 0.32 13 0.27 11 
Total 1,362,195     1,200,252         




Table 26: The crude and adjusted risk of bovine TB lesions confirmation, and abattoir ranking (high to low), in Ireland during 2008. 
All animals from the attested herds Animals from attested herd with complete data on confounding factors 
Abattoir No Number Detected 
Crude 




(%) Adjusted Rank 
Crude Risk 
(%) Crude Rank 
1 184 63.6 16 166 62 17 63.6 15 
2 91 86.8 3 89 87 2 86.8 2 
3 137 54.0 26 133 53 23 54.0 25 
4 84 86.9 2 76 88 1 86.9 1 
5 189 54.5 25 167 53 24 54.5 24 
6 80 66.3 13 79 67 9 66.3 12 
7 158 65.2 15 153 65 13 65.2 14 
8 72 81.9 4 65 82 3 81.9 3 
9 176 60.2 20 172 60 18 60.2 19 
10 383 66.8 10 342 66 12 66.8 9 
11 93 55.9 24 89 55 22 55.9 23 
12 129 57.4 22 122 55 21 57.4 21 
13 6 66.7 11 6 67 10 66.7 10 
14 94 62.8 18 86 62 16 62.8 17 
15 100 57.0 23 88 52 25 57.0 22 
16 90 60.0 21 86 60 19 60.0 20 
17 397 66.3 14 345 65 14 66.3 12 
18 10 30.0 30 10 30 29 30.0 29 
19 158 69.0 9 128 68 8 69.0 8 
20 216 70.4 8 194 68 7 70.4 7 
21 8 62.5 19 7 57 20 62.5 18 
22 47 76.6 5 47 77 4 76.6 4 
23 0 0.0 32 - - - - - 
24 1 100.0 1 - - - - - 
25 91 75.8 6 80 73 5 75.8 5 
26 111 63.1 17 105 64 15 63.1 16 
27 63 71.4 7 59 72 6 71.4 6 
28 203 40.9 28 196 42 27 40.9 27 
29 37 48.7 27 35 51 26 48.7 26 
30 2 0.0 32 - - - - - 
31 0 0.0 32 - - - - - 
32 0 0.0 32 - - - - - 
33 6 66.7 11 6 67 10 66.7 10 
34 8 25.0 31 8 25 25 25.0 30 
35 13 30.8 29 13 30 30 30.8 28 
Total 3,437     3,152         








Bovine TB surveillance in Ireland mainly consists of two components: skin testing (SICCT) and 
slaughter surveillance. The main aim of this study was to compare the effectiveness of abattoirs 
in detecting suspected bovine TB lesions and their subsequent confirmation from cattle classified 
as negative for bovine TB based on skin test results.  
 
The crude detection risk of the suspected bovine TB lesions among the abattoirs ranges from 0 to 
56 per 10,000 animals slaughtered (Table 25) with an average of 25 per 10,000 animals 
slaughtered. Similar results (ranged from 0 to 58 per 10,000 animals slaughtered with average of 
22 per 10,000 animals slaughtered) were shown by Frankena et al. (2005) and (ranged from 0 to 
52 per 10,000 animals slaughtered and average of 25 per 10,000 animals slaughtered) Olea-
Popelka et al. (2012). After exclusion of nine abattoirs that detected less than 10 suspected 
bovine TB lesions, the crude bovine TB detection risk ranged from 11 to 58 per 10,000 animals 
slaughtered (a five-fold difference between abattoirs), which was identical to the results obtained 
by Olea-Popelka et al. (2012), but lower than a similar study by Frankena et al. (2007) and 
Martin et al. (2003), who found a sevenfold difference after controlling for year, month and 
animal type.  
 
On the other hand, the crude confirmation risk for bovine TB lesions among the suspected 
bovine TB lesions ranged from 0 to 100 % with an average of 62.7% as shown in Table 26. This 
result is similar to the study by Frankena et al. (2007) who found an average crude confirmation 




confirmation risk to be 67.5%. After excluding the abattoirs that submitted less than 10 lesions, 
the crude confirmation risks ranged from 41 to 87% (two-fold difference between the abattoirs).  
 
Thus, this study shows that there is wide variation in the risks of detection of bovine TB lesions 
among Irish abattoirs. Variation in bovine TB lesion detection has been mentioned in other 
studies and attributed to physical settings (e.g. abattoir line speed, light) and the inspector’s 
efficiencies in abattoirs (Corner, 1994; Frankena et al., 2007; Olea-Popelka et al., 2012; Pascual-
Linaza et al., 2016). Improvements should be done in those abattoirs where the detection risk 
was low. Intervention measures should be applied to increase the ability of abattoirs in detecting 
the bovine TB lesions during the slaughter (Pascual-Linaza et al., 2016). 
 
After adjusting our results by all factors included in this analysis, our multivariable results 
indicated that bovine TB lesions were more likely to be found in older animals. There were 
statistically significant differences in detecting suspected bovine TB lesions among animals 
greater three years of age when compared to animals younger than a year old in this study. This 
can be explained because bovine TB is a chronic disease in nature and the longer the animals 
live, the higher the chance of developing bovine TB lesions, and thus, be found during slaughter. 
This result was in agreement with the earlier studies by Frankena et al. (2007), Olea-Popelka et 
al. (2012) conducted in Ireland and with the study by Pascual-Linaza et al. (2016) in Northern 
Ireland. 
 
Bovine TB lesions were more likely to be detected at the abattoir and confirmed in the laboratory 




study of Clegg et al. (2016). According to Clegg et al. (2016), animals in suckler herds go out in 
the pasture to graze with their calves and they were in contact with their mothers for much longer 
periods than dairy calves. This would provide greater opportunity for transmission. 
 
Bovine TB lesions were more likely to be detected and confirmed from animals slaughtered 
during summer (Jul-Sep) and autumn (Oct-Dec) than winter, but the results were not 
significantly higher during these seasons after the multivariable analysis. The result is slightly 
different from the conclusion drawn by Frankena et al. (2007) who found that the odds of 
detecting bovine TB lesion was higher in animals that are slaughtered in winter months. Bovine 
TB Lesions were more likely to be detected and confirmed from animals that came from the 
areas (DED in Ireland) with higher animal prevalence. Thus, animals from DED risks categories 
“medium” and “high” were more likely to be detected for TB lesions compared to DED risks 
category “very low”, because former DED risks categories have higher animal level disease 
prevalence.  
 
Purchased animals were more likely to have suspected bovine TB lesions at the slaughter house 
compared to home bred animals, but this difference was not statistically significant. This result 
was almost similar to the study by Frankeena et al. (2007) and the Olea-Popelka et al. (2012) in 
same Irish slaughter houses. The same information was drawn in a similar study done in 
Northern Ireland by Pascual-Linaza et al. (2016). 
 
With the increasing years free of TB, the slaughtered animals were less likely to have lesions 




statistically significant (Table 20). The results obtained by this study were similar to the study by 
Frankena et al. (2007) who did a study in similar Irish settings. 
 
In general, the abattoir ranking, after adjusting for all potential confounding factors, was not 
affected considerably by these animal and herd level factors; thus, indicating that these factors 
did not substantially contribute to the variation in the risk of bovine TB lesion detection nor 
lesion confirmation among abattoirs. 
 
The postmortem examination procedure to detect lesions is not 100% sensitive (Corner, 1994), 
who had mentioned 47% of the lesions were detected in abattoir examination in his study. 
Similarly, a study conducted in Spain by Garcia-Saenz et al. (2015) had estimated the median 
sensitivity of 31.4% (95% CI: 28.6 to 36.2%) and a report compiled by the European Food 
Safety Authority (EFSA) Panel on Animal Health and Welfare (AHAW), (2012), reported a 
mean sensitivity of 71% (95% CI: 38 to 92%) from six different studies. 
 
Inspectors were not able to identify bovine TB lesions that were not visible to their eye. Bovine 
TB lesions at the incipient stage may be located mostly at lower parts of the respiratory tract that 
needs careful dissection and examinations (Domingo et al.,2014; Kantor, et al., 1987). Also, not 
all the infected animals have lesions present during the time of slaughter. Besides, the interplay 
of the host defense mechanisms and the virulence factors of mycobacteria also play the role in 





There was a wide variation in the confirmation risk among the abattoirs (Frankena et al., 2007).  
The reasons for the wide variations in the confirmations risk was due to the variation in the 
efficiencies of lesions detection at individual slaughter house (Frankena et al., 2007; Olea-
Popelka et al., 2012). For example, it was difficult to differentiate the suspected bovine TB 
lesions from the non-tuberculous granulomas caused by actinomycosis (‘lumpy jaw’), 
actinobacillosis (‘wooden tongue’), paratuberculosis (‘Johne’s disease’), neoplasms and other 
lesions based on visual inspection of a carcass (Ritacco et al., 2006, Frankena et al., 2007). 
 
Although the SICCT is the primary method of screening TB in Ireland, slaughter surveillance is 
a complementary and important method for detecting bovine TB lesions at the abattoir (Frankena 
et al., 2007). Animals may be non-reactive to tuberculin but the lesions can be identified at 
slaughter.  The sensitivity and effectiveness of bovine TB slaughter surveillance needs to be 
monitored to identify those factors that impact the effectiveness of finding bovine TB lesions at 
the abattoir. This study underscores the fact that there was a variation in effectiveness of 
abattoirs in surveillance of bovine TB in Ireland; yet, still there is a room of improvement. 
Bovine TB slaughter surveillance need to be constantly monitored to evaluate its effectiveness 
and to improve factors affecting it (e.g. physical facilities and personnel) in order to maximize 
the detection of infected animals and herds. Strengthening the slaughter surveillance is one of the 















This study shows the importance of slaughter surveillance program in Republic of Ireland. There 
has been a progress in bovine TB lesions detections among Irish abattoirs compared to the 
previous studies (2007 and 2012). Still, this study shows that there is an opportunity to explore 
strategies to further improve the overall effectiveness of abattoirs surveillance for bovine TB. 
Improvements of the physical settings and human components of abattoirs surveillance are 
necessary to increase effectiveness of bovine TB lesions detection among abattoirs with lower 
rankings.  Finally, a continuous monitoring process is required among Irish abattoirs to 
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